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Background: Atrial fibrillation (AF) has been associated with elevated dementia risk, while few studies have 

examined the role of the optimal glycemic status in disease trajectories of AF and dementia. 

Objectives: We aim to evaluate associations between glycemic status with disease trajectories of AF and dementia, 

as well as major dementia subtypes, including Alzheimer’s disease and vascular dementia. 

Design: Population-based cohort study. 

Setting: UK Biobank. 

Participants: A total of 458 368 participants who were free of prevalent dementia and AF at baseline, with 

complete glycemic status assessment. 

Measurements: Based on clinical recommendations, we categorized glycemic status as low-normal (glycated 

hemoglobin [HbA1c] < 5.5 %), normal (HbA1c 5.5 to 5.9 %), pre-diabetes (HbA1c 6.0 to 6.4 %), diabetes with 

HbA1c < 7 %, and diabetes with HbA1c ≥ 7 %. Outcomes including AF, dementia (all-cause and sub-type demen- 

tia), and death were ascertained via linkage to external registry databases. A multi-state survival analysis was 

conducted to evaluate disease trajectories of AF and dementia. 

Results: Better glycemic status was consistently associated with decreased hazards of trajectories of AF and 

dementia, including progression from AF to the comorbidity of AF and dementia. Among people with diabetes, 

those with HbA1c < 7 % had a 31 % lower hazard (hazard ratio [HR], 0.69; 95 % confidence intervals [CI], 0.51–

0.93) of progression from incident AF to dementia comorbidity, compared to those with HbA1c ≥ 7 %. Similar 

risk reductions were found in individuals with pre-diabetes, normal HbA1c, and low-normal HbA1c, respectively. 

Strong dose-response associations were observed, with each 1 % increment in HbA1c related to a 28 % higher 

hazard of progression from AF to dementia comorbidity (HR,1.28; 95 % CI, 1.19–1.37). The glycemic status was 

most relevant for associations with disease trajectories of AF and vascular dementia, compared to trajectories of 

AF and Alzheimer’s disease. 

Conclusions: The better glycemic status was consistently associated with lower hazards of disease trajectories of 

AF and dementia, including the reduced risk of progression from incident AF to comorbidity of AF and dementia. 

These findings support the significance of reaching optimal glycemic status to alleviate the huge disease burden 

of both AF and dementia simultaneously. 
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. Introduction 

Atrial fibrillation (AF) remains the most prevalent type of cardiac

hythm abnormalities, with rising disease burden [ 1 ]. The disability-

djusted life years due to AF has increased from 3.79 million in 1990

o 8.39 million in 2019, while the number of prevalent cases has nearly

oubled to 59.7 million since 1990 [ 1 ]. Incident AF has also been as-

ociated with elevated risks of cardiovascular events and mortality [ 2 ].

oreover, as most AF cases remain undetected in practice, the related

ealth threats could be significantly underestimated [ 3 ], highlighting

he importance of primary prevention at the population level. 

Dementia has become a non-neglectable public health challenge, ac-

ounting for substantial proportions of mortality and disability around

he world [ 4 ]. Previous studies have observed AF was strongly associ-

ted with elevated dementia incidence, with potential mechanisms in-

luding hypoperfusion, inflammation, atherosclerotic vascular disease,

icrohemorrhage, and brain atrophy [ 5–8 ]. Our previous contribution

lso linked an earlier AF onset age with higher dementia risk [ 9 ]. Never-

heless, previous contributions have investigated AF and dementia onset

n an isolated fashion, without accounting for the disease trajectories,

.g. the development courses of the two diseases with time. Moreover,

ew investigations were conducted to identify modifiable risk factors

ontributing to the disease trajectories of AF and dementia. 

Among identified modifiable risk factors, hyperglycemia and dia-

etes have been consistently associated with both AF and dementia

 4 , 10 ]. It has been well-established that diabetes precipitates AF oc-

urrence and contributes to worsen prognosis of AF, such as elevated

isks of stroke, AF recurrence, and cardiovascular mortality [ 10 ]. Nev-

rtheless, prospective studies on associations between glycemic status

ssessed using glycated hemoglobin (HbA1c) and AF onset are scarce.

ome reports showed that a strict glycemic control, defined as HbA1c

 7 % (53 mmol/mol) by the American Diabetes Association (ADA) [ 11 ],

as consistently associated with a lower dementia incidence in individu-

ls with diagnosed diabetes [ 12 , 13 ]. However, few studies have assessed

isease trajectories of AF and dementia. Additionally, no prospective

tudies have examined associations between glycemic status with dis-

ase trajectories of AF and dementia, leaving important knowledge gaps

mpeding efforts targeting primary prevention and prognosis improve-

ent. 

Therefore, the current study aimed to investigate the associations be-

ween glycemic status with disease trajectories of AF and dementia, in-

luding trajectories of AF and all-cause dementia and its major subtypes.

e also aimed to evaluate the exposure-response associations between

he HbA1c level with trajectories of AF and dementia. 

. Methods 

.1. Study population 

Approved by the North West Multi-centre Research Ethics Commit-

ee, the UK Biobank is established with the aim to lay foundations for

omprehensively investigating risk factors of major chronic diseases.

ore than 500 000 men and women aged 40–69 years from 22 assess-

ent centers in England, Scotland, and Wales were recruited during

006–2010, with informed consent obtained. Further details regarding

he design and the survey content are described elsewhere [ 14 ]. This

tudy followed the Strengthening the Reporting of Observational Stud-

es in Epidemiology (STROBE) reporting guideline. 

Among the original 502 369 participants available for inclusion, we

xcluded 228 participants with prevalent dementia, 35 970 participants

acking glycemic status assessments, and 7803 participants with preva-

ent AF, leaving 458 368 participants for final analysis. The detailed

ample selection procedure is presented in Supplementary Figure 1 . 
2

.2. Glycemic status 

Irrespective of diabetes diagnosis, HbA1c was measured in a cen-

ral laboratory for all participants at recruitment. Diabetes diagnosis

as ascertained by combining self-reported or doctor-diagnosed dia-

etes diagnosis, reported usage of anti-hyperglycemic medications or

nsulin, or the measured HbA1c > 6.5 % (48 mmol/mol) [ 15 ]. Based

n standard clinical cut-off points [ 16 ], we categorized glycemic status

s low-normal (HbA1c < 35 mmol/mol or < 5.5 %), normal (HbA1c 35 to

1 mmol/mol or 5.5 to 5.9 %), pre-diabetes (HbA1c 42 to 47 mmol/mol

r 6.0 to 6.4 %), diabetes with HbA1c < 7 % (53 mmol/mol), and dia-

etes with HbA1c ≥ 7 % (53 mmol/mol), as embraced by previous stud-

es [ 11 , 17 ]. We also used the ADA recommended cut-off points of pre-

iabetes of HbA1c 5.7–6.4 % for sensitivity analysis. The HbA1c level

n the continuous scale was also analyzed (per 1 % increment). 

.3. Outcome ascertainment 

We ascertained AF diagnosis via three approaches: 1) the Interna-

ional Classification of Diseases (ICD)− 10 codes, obtained via linkage

o hospital admissions records and death certificate records [ 18 ]; 2) the

ffice of Population Censuses and Surveys’ Classification of Surgical Op-

rations version-4 (OPCS-4), which is a statistical classification for clin-

cal coding of hospital interventions and procedures undertaken by the

HS; 3) self-reported diagnosis of clinical conditions (for prevalent AF

iagnosis only). Further details regarding the ascertainment procedure

nd codes are presented in Supplementary Table 1 . 

Incident dementia cases in UK Biobank were assessed using a vali-

ated algorithm, incorporating records of hospital admissions and death

egistry. The ICD-9 and ICD-10 codes were used to identify all-cause

nd sub-type dementia cases, with details presented in Supplementary

able 2 . Sub-type dementia cases included Alzheimer’s disease and vas-

ular dementia. The performance of the algorithm has been externally

alidated, with positive predictive values of 84.5 % for all-cause demen-

ia, 70.8 % for Alzheimer’s disease, and 33.3 % for vascular dementia

 19 ]. We defined the comorbidity of AF and dementia as diagnoses with

F or dementia at first and further the other. Follow-up years were cal-

ulated from baseline until the date of events of interest (AF, dementia,

nd comorbidity) or death or loss to follow-up, or December 31, 2022,

hichever came first. 

.4. Covariates 

Based on previous studies, we selected covariates for adjustment, in-

luding demographics (age, sex, and ethnicity), socioeconomic factors

education attainment, employment status, and family income), lifestyle

ehaviors (alcohol consumption, moderate or vigorous physical activ-

ty participation, and current smoking), and prevalent major chronic

iseases (hypertension, chronic kidney disease, and cardiovascular dis-

ases other than AF) [ 10 , 12 , 20 ]. A touchscreen questionnaire was used

o collect information on demographics, socioeconomic factors, and be-

aviors. Prevalent chronic diseases were ascertained by combining self-

eported diagnosis, medication use, laboratory measurements, and link-

ge to registry data (death register and hospital inpatient admission

ecords). 

.5. Statistical analysis 

For descriptive statistics, the mean (standard deviation [SD]) or me-

ian (inter-quartile range [IQR]) was used for continuous variables,

nd numbers and percentages for categorical variables. Differences be-

ween groups were tested using analysis of variance, chi-square test, or

ruskal-Wallis test. 

To comprehensively evaluate the associations between glycemic sta-

us and disease trajectories of AF and dementia, we conducted a multi-

tate survival analysis using the multi-state Markov model. The multi-
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Table 1 

Baseline characteristics of participants. 

Characteristics 

Low-normal HbA1c 

N = 295 154 

Normal HbA1c 

N = 120 794 

Pre-diabetes 

N = 14 201 

Diabetes with 

HbA1c < 7 % 

N = 17 152 

Diabetes with 

HbA1c ≥ 7 % 

N = 11 067 P ∗ 

Age, mean (SD), years 55.1 (8.2) 58.7 (7.3) 60.0 (6.9) 59.5 (7.3) 58.7 (7.3) < 0.001 

Men 131 650 (44.6) 52 748 (43.7) 6640 (46.8) 10 033 (58.5) 6881 (62.2) < 0.001 

White ethnicity 283 710 (96.1) 112 368 (93.0) 12 144 (85.5) 14 937 (87.1) 9460 (85.5) < 0.001 

Higher education 146 605 (49.7) 52 505 (43.5) 5415 (38.1) 6457 (37.6) 4139 (37.4) < 0.001 

Annual income ≥ £31 000 146 547 (49.7) 45 174 (37.4) 4178 (29.4) 5068 (29.5) 3171 (28.7) < 0.001 

Employed 272 765 (92.4) 111 041 (91.9) 12 785 (90.0) 14 815 (86.4) 9352 (84.5) < 0.001 

Current smoking 26 171 (8.9) 16 657 (13.8) 2375 (16.7) 1947 (11.4) 1316 (11.9) < 0.001 

Alcohol intake once per week 215 545 (73.0) 79 061 (65.5) 7918 (55.8) 9506 (55.4) 5480 (49.5) < 0.001 

Physical activity ≥ 

150 min/week 

217 339 (73.6) 85 005 (70.4) 9071 (63.9) 10 606 (61.8) 6476 (58.5) < 0.001 

Chronic kidney disease 5335 (1.8) 3795 (3.1) 695 (4.9) 1254 (7.3) 1052 (9.5) < 0.001 

Hypertension 146 709 (49.7) 74 053 (61.3) 10 527 (74.1) 13 962 (81.4) 9196 (83.1) < 0.001 

Cardiovascular disease 12 145 (4.1) 9846 (8.2) 2062 (14.5) 3284 (19.1) 2165 (19.6) < 0.001 

HbA1c, median (IQR), % 5.2 (5.0–5.4) 5.7 (5.6–5.8) 6.1 (6.0–6.2) 6.3 (5.8–6.6) 7.8 (7.3–8.7) < 0.001 

Abbreviations: HbA1c, glycated hemoglobin. 
∗ Group differences tested using analysis of variance, chi-square test, or Kruskal-Wallis test. 
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tate Markov model is an extension of the traditional Cox proportional

azards model, capable of handling multiple competing events as states

f disease trajectories and assessing the associations of risk factors with

ifferent stages of disease progression simultaneously. The model has

een well-embraced for assessing disease trajectories in epidemiologi-

al studies [ 21 , 22 ]. We considered five states when building the multi-

tate model, including baseline (free of AF and dementia), incident AF,

ncident dementia, comorbidity of AF and dementia, and all-cause mor-

ality. Accordingly, eight trajectories were predefined: 1) baseline to AF;

) baseline to dementia; 3) baseline to death; 4) incident AF to comor-

idity; 5) incident AF to death; 6) incident dementia to comorbidity;

) incident dementia to death; 8) comorbidity to death. For participants

ith identical recorded dates of disease and death, a time-interval of 0.5

ays was introduced according to a previous study [ 21 ]. Age was used

s the time scale for the trajectory analysis, as identical to the previous

tudy [ 21 ]. Adjusted hazard ratios (HR) and 95 % confidence intervals

CI) were estimated to reflect associations between glycemic status with

azards of disease trajectories of AF and dementia. In conjunction with

he multi-state model, we assessed the exposure-response relationships

etween HbA1c (per 1 % scale) with hazards of specific trajectories be-

ween AF and dementia. Restricted cubic spline functions were used

o depict the non-linear dose-response association curve. According to

odel fitting statistics (Akaike information criterion and Bayesian infor-

ation criterion), four knots were selected for curve smoothing. Widely

sed locations of knots were applied, fixed at the 5th, 35th, 65th, and

5th percentiles of exposure variables [ 23 ]. 

Several sensitivity analyses were conducted. First, in addition to the

ll-cause dementia, we further accounted for disease trajectories of in-

ident AF and dementia subtypes, including trajectories of incident AF,

lzheimer’s disease, and vascular dementia, respectively. Dose-response

elationships between HbA1c level with hazards of the above trajecto-

ies were also evaluated. Second, given the potential impact of preva-

ent cardiovascular conditions on both glycemic status, AF, and demen-

ia risk, we excluded individuals with prevalent cardiovascular diseases,

ncluding stroke, heart failure, and coronary heart disease. Third, we re-

ategorized glycemic status according to the ADA criteria, by changing

he cut-off points of pre-diabetes to HbA1c of 5.7 to 6.4 %, and repeated

rimary analysis. Fourth, we further controlled for levels of blood glu-

ose and blood pressure (both systolic and diastolic blood pressure),

ncluded as continuous variables. Fifth, as some participants were diag-

osed of AF and dementia at the same date, we modified the pre-defined

isease trajectories, by further including the transition from baseline to

he comorbidity of AF and dementia. Then we repeated the multi-state

nalysis. Sixth, mediation effect of incident AF was explored in associ-

tions between glycemic status and dementia risk. Finally, to evaluate
3

election bias, a non-response analysis was conducted comparing base-

ine characteristics of included and excluded participants. 

Statistical analysis was conducted using SAS 9.4 (SAS Institute, Cary,

C) and R language 4.3.1 (R Foundation, Vienna, Austria), with a two-

ailed alpha of 0.05 considered statistically significant. 

. Results 

As shown in Table 1 , among 458 368 participants included for analy-

is (mean [SD] age, 56.4 [8.1] years, 45.4 % men), participants with bet-

er glycemic status were younger, more likely to be women and of white

thnicity, had better socioeconomic status, higher adherence to regu-

ar physical activity, and less prevalent chronic diseases (all P < 0.001,

able 1 ). The median (IQR) HbA1c was 5.2 % (5.0–5.4) for participants

f low-normal HbA1c ( n = 295 154), 5.7 % (5.6–5.8) for participants

f normal HbA1c ( n = 120 794), 6.1 % (6.0–6.2) for participants of

re-diabetes ( n = 14 201), 6.3 % (5.8–6.6) for participants of diabetes

ith HbA1c < 7 % ( n = 17 152), and 7.8 % (7.3–8.7) for participants

f diabetes with HbA1c ≥ 7 % ( n = 11 067), respectively ( P < 0.001 for

omparison, Table 1 ). 

.1. Disease trajectories of af and dementia 

As shown in Fig. 1 , during a median follow-up of 13.82 (IQR, 13.09–

4.54) years, a total of 28,612 (6.2 %) participants deceased without

eveloping AF or dementia. A total of 30,807 (6.7 %) and 5719 (1.2 %)

articipants developed incident AF and dementia, respectively. Among

he 30 807 participants with incident AF, 985 (3.2 %) participants fur-

her developed dementia and 6521 (21.2 %) participants died ( Fig. 1 ).

mong the 5719 participants with incident dementia, 370 (6.5 %) par-

icipants were further diagnosed with AF and 3029 (53.0 %) partici-

ants died ( Fig. 1 ). A total of 1355 participants developed the com-

ined comorbidity of AF and dementia during follow-up, among whom

37 (61.8 %) participants died ( Fig. 1 ). Estimated cumulative hazards

nd state probabilities are presented in Fig. 2 , showing the participants

eveloping comorbidity of AF and dementia had the highest mortality

azard, followed by participants with incident dementia, and partici-

ants with incident AF ( Fig. 2 A ). As shown in Fig. 2 B , the probability

f baseline (free of any pre-defined events) decreased with aging, while

n inversed development pattern was observed in probabilities of death,

eveloping AF, dementia, or comorbidity. 
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Fig. 1. Disease trajectories of atrial fibrillation and dementia. 

Observed trajectories (expressed as numbers and percentages of participants in the previous stage) of atrial fibrillation and dementia. 

Fig. 2. Cumulative hazards of disease trajectories and estimated state probabilities. 

AF, atrial fibrillation. 

(A) Cumulative hazards of observed trajectories of atrial fibrillation and dementia. 

(B) Estimated probabilities of predefined states. 
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.2. Associations between glycemic status with disease trajectories of af 

nd dementia 

As shown in Fig. 3 , the better glycemic status was consistently asso-

iated with lower hazards of trajectories of AF and dementia, including

rajectory from incident AF to comorbidity of AF and dementia. Com-

ared with participants with diabetes with HbA1c ≥ 7 %, those with di-

betes with HbA1c < 7 % had a 31 % lower hazard (HR, 0.69; 95 %

I, 0.51–0.93) of progression from incident AF to comorbidity and a

7 % lower hazard (HR, 0.73; 95 % CI, 0.66–0.82) of progression from

ncident AF to death ( Fig. 3 ). Reduced hazards were also observed in tra-

ectories from baseline to incident dementia and death when comparing

iabetes with HbA1c < 7 % and diabetes with HbA1c ≥ 7 % ( Fig. 3 ). Simi-

ar risk reductions were found in participants with pre-diabetes, normal

bA1c, and low-normal HbA1c, compared to diabetes with HbA1c ≥ 7 %,

xcept for the consistently observed lower hazard of development from

aseline to incident AF ( Fig. 3 ). Moreover, when analyzed as continuous

ariable, each 1 % increment in HbA1c was associated with increased

azards of most trajectories, particularly for trajectories from AF to co-

orbidity and from AF to death, with 28 % higher hazard (HR, 1.28;
4

5 % CI, 1.19–1.37) of development from AF to comorbidity and a 20 %

igher hazard (HR, 1.20; 95 % CI, 1.17–1.24) of development from AF

o death, respectively ( Fig. 3 ). 

Dose-response relationships between HbA1c and trajectories hazards

re presented in Fig. 4 . A J-shaped association curve was broadly ob-

erved between the increased HbA1c level and elevated hazards of tra-

ectories of AF and dementia. 

.3. Sensitivity analyses 

Disease trajectories of AF with Alzheimer’s disease and vascular de-

entia are presented in Supplementary Figures 2 and 3 , respectively,

ith similar development patterns observed. As shown in Supplemen-

ary Figure 4 , the better glycemic status was also associated with lower

rajectories hazards of AF and Alzheimer’s disease, with decreased risk

f development from AF to comorbidity observed in participants of pre-

iabetes, normal HbA1c, and low-normal HbA1c, compared to diabetes

ith HbA1c ≥ 7 %. Each 1 % increased HbA1c was associated a 25 %

igher hazard (HR, 1.25; 95 % CI, 1.11–1.42) of development from AF

o comorbidity of Alzheimer’s disease ( Supplementary Figure 4 ). As
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Fig. 3. Associations between glycemic status and disease trajectories of atrial fibrillation and dementia. 

HbA1c, glycated hemoglobin; AF, atrial fibrillation; HR, hazard ratio; CI, confidence interval. 

Hazard ratios of associations between glycemic status with different trajectories of atrial fibrillation and dementia, controlling for sex, ethnicity, education, income, 

employment, alcohol consumption, physical activity, current smoking, chronic kidney disease, hypertension, and cardiovascular diseases. 
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hown in Supplementary Figure 5 , similar association pattern was ob-

erved between better glycemic status and lower hazards of trajecto-

ies of AF and vascular dementia, except for a 49 % lower hazard (HR,

.51; 95 % CI, 0.33–0.80) of development from incident AF to comorbid-

ty observed in diabetes with HbA1c < 7 %. Each 1 % increased HbA1c

as associated a 42 % higher hazard (HR, 1.42; 95 % CI, 1.28–1.57)

f development from AF to comorbidity of vascular dementia ( Sup-

lementary Figure 5 ). A consistent J-shaped curve was observed be-

ween HbA1c and hazards of trajectories of AF and Alzheimer’s disease

 Supplementary Figure 6 ), as well as trajectories of AF and vascular

ementia ( Supplementary Figure 7 ). Excluding prevalent cardiovas-

ular disease cases did not bring substantial changes, except for null

ssociations between diabetes with HbA1c < 7 % and hazards of trajec-
5

ories from AF to comorbidity ( Supplementary Figure 8 ). Changing

ut-off points of pre-diabetes did not bring substantial changes ( Sup-

lementary Figure 9 ), while simultaneously controlling for blood glu-

ose and blood pressure moderately attenuated observed associations

 Supplementary Figure 10 ). After further accounting for the condi-

ion where participants had the same AF and dementia diagnosis dates,

imilar disease trajectories and analysis results were observed, shown

n Supplementary Figures 11 and 12 . Further mediation analysis did

ot observe statistically significant mediation effect by incident AF in

ssociations between glycemic status and dementia risk ( Supplemen-

ary Table 3 ). Non-response analysis ( Supplementary Table 4 ) showed

hat excluded participants, compared to included participants, were

lder, more likely to be men, non-white ethnicity, had lower socioe-
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Fig. 4. Dose-response curves of associations between HbA1c level and hazards of disease trajectories of atrial fibrillation and dementia. 

HbA1c, glycated hemoglobin; AF, atrial fibrillation; HR, hazard ratio; CI, confidence interval. 

Restricted cubic spline models were applied for depicting dose-response relationships, with four knots fixed at the 5th, 35th, 65th, and 95th percentiles. Solid 

lines represent point estimates and shadows represent 95 % confidence limits. Adjusted covariates included sex, ethnicity, education, income, employment, alcohol 

consumption, physical activity, current smoking, chronic kidney disease, hypertension, and cardiovascular diseases. 
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onomic positions, more prevalent chronic diseases, and higher HbA1c

evel. 

. Discussion 

This large population-based prospective study found that the bet-

er glycemic status was consistently associated with decreased hazards

f disease trajectories of AF and dementia, independently from other

raditional risk factors. Additionally, we found even among individuals

ith diabetes, those with HbA1c < 7 % had significantly lower hazard of

rogression from incident AF to comorbidity of dementia, compared to

heir counterparts with HbA1c ≥ 7 %. A higher HbA1c was also associated

ith increased hazards of progression from incident AF to comorbidity
6

f dementia or death. In addition, the glycemic status was consistently

ssociated with disease trajectories of AF and sub-type dementia, in-

luding Alzheimer’s disease and vascular dementia. The better glycemic

tatus was associated with decreased hazards of trajectories from AF

o comorbidity of AF and Alzheimer’s disease/vascular dementia, with

ore pronounced protective associations observed in trajectories of AF

nd vascular dementia. These novel findings highlight the significance

f reducing glycemic burden and reaching optimal glycemic status to

revent both AF onset and further development to comorbidity of de-

entia or death. To the best of our knowledge, the current study is the

rst one simultaneously investigating the associations between glycemic

tatus with disease trajectories of AF and dementia, as well as its major

ubtypes. 
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Previous studies have reported a protective effect of the optimal

lycemic status against onset of AF or dementia alone, without account-

ng for trajectories of the two diseases [ 10 , 12 , 13 , 24–27 ]. A population-

ased case-control study found that prevalent diabetes and worse

lycemic status were consistently associated with elevated AF risk [ 24 ].

ompared to non-diabetes participants, diabetes patients with HbA1c

 %− 8 % and HbA1c 8 %− 9 % respectively had 48 % and 46 % higher

dds of AF [ 24 ]. Another prospective study examined associations be-

ween type 2 diabetes and incident AF, showing that women with type

 diabetes had 95 % (HR, 1.95; 95 % CI, 1.49–2.56) elevated risk of

ew onset of AF, compared to non-diabetes counterparts [ 25 ]. A study

ased on Swedish National Diabetes Registry observed significant as-

ociations between time-weighted mean HbA1c and elevated AF risk

 26 ]. Compared to non-diabetes controls, individuals with diabetes and

bA1c ≤ 6.9 % and HbA1c 7.0 %− 7.8 % respectively had 24 % and 28 %

igher risks of developing AF, respectively [ 26 ]. Previous studies also

bserved associations between better glycemic status with reduced de-

entia risk [ 12 , 13 ]. Another recent study evaluated prospective associ-

tions between longitudinal glycemic control pattern and dementia risk

n type 2 diabetes patients [ 27 ], observing patients with more than 50 %

f HbA1c measurements of less than 6 %, 6 % to less than 7 %, or 7 %

o less than 8 % had significantly lower risks of dementia onset. 

Aligning with these previous reports using the traditional analytical

pproach, our disease trajectory analysis showed that better glycemic

tatus was consistently associated with decreased hazards of trajectories

rom baseline to incident AF or incident dementia. Moreover, we found

hat better glycemic status was persistently associated with a lower haz-

rd of development from incident AF to comorbidity of AF and demen-

ia, which has not been reported previously. We also observed strong

ose-response associations between increased HbA1c level and elevated

azards of trajectories of AF and dementia, with each 1 % increment

n HbA1c related to a 28 % higher hazard of development from inci-

ent AF to comorbidity of AF and dementia. In addition, the multi-state

odeling approach enabled us to capture prospective associations be-

ween glycemic status and mortality hazard after developing AF, pre-

enting more enriched insights into the importance of reaching optimal

lycemic status to comprehensively improve the AF prognosis. 

Accumulating evidence has indicated that individuals living with AF

end to have elevated risks of cognitive impairment and dementia [ 28–

0 ]. On the other hand, people living with the comorbidity of AF and

ementia constitute a special population, with more prevalent under-

rescription of oral anticoagulants and higher long-term mortality risk

 31 , 32 ]. Our findings also showed individuals developing comorbidity

f AF and dementia had the highest mortality hazard, followed by those

ith incident dementia or AF alone. Hence, preventing development

rom AF to the comorbidity of AF and dementia is of huge significance,

ighlighting necessity of exploring applicable risk reduction strategies.

nd our study confirms the hypothesis regarding the role of optimal

lycemic status in preventing disease trajectories of AF and dementia,

hich should be examined by further investigations. 

In addition to the development from AF to comorbidity, we observed

etter glycemic status was consistently associated with a lower hazard

f development from incident AF to mortality, which is interesting and

elevant for current practice. It has been reported individuals with new-

nset AF had a two-fold increased all-cause mortality risk compared to

on-AF individuals [ 2 ]. Our analysis also showed that 21.2 % partici-

ants with incident AF deceased during follow-up, indicating the impor-

ance of alleviating excess mortality risk to further improve the progno-

is of AF patients. Moreover, according to a previous study in type 2

iabetes individuals, the incident AF was associated with a 2.91-fold

ll-cause mortality and a 3.75-fold cardiovascular mortality, which fur-

her highlights the crucial importance of preventing post-AF mortality

n diabetes population [ 33 ]. Consequently, our findings that diabetes

ndividuals with HbA1c < 7 % had a 27 % lower hazard of mortality

ost incident AF were clinically relevant. Such findings also add to the

urrent literature by showing even in newly diagnosed AF patients with
7

revalent diabetes, strict glycemic control could be related with the im-

roved long-term prognosis. Notably, the associations between better

lycemic status and lower post-dementia mortality were largely insignif-

cant, compared to the post-AF mortality. Although our analysis showed

3.0 % of participants with incident dementia deceased during follow-

p, the null associations we observed did not support the benefits of

trict glycemic control in alleviating dementia-related excess mortality

isk. Further investigations are warranted to validate such findings. 

We also evaluated disease trajectories of AF and major demen-

ia subtypes, including Alzheimer’s disease and vascular dementia. In-

riguingly, associations between glycemic status with trajectories of

F and vascular dementia were more evident, compared to associa-

ions between glycemic status with trajectories of AF and Alzheimer’s

isease. Even among individuals with diagnosed diabetes, those with

bA1c < 7 %, compared to their counterparts with HbA1c ≥ 7 %, not only

ad a 37 % lower hazard of developing vascular dementia, but a 49 %

eduction in risk of development from incident AF to comorbidity of vas-

ular dementia. By contrast, better glycemic status in individuals with

iabetes was not associated with reduced risk of development from in-

ident AF to comorbidity of Alzheimer’s disease. A strong dose-response

ssociation was also observed between HbA1c and trajectories of AF

nd vascular dementia, with each 1 % increment in HbA1c related to

 42 % higher hazard of development from incident AF to comorbid-

ty of vascular dementia. Nevertheless, as the dementia ascertainment

lgorithm has a relatively low positive predictive value for vascular de-

entia (only 33.3 %), cautions should be taken when interpreting re-

ults regarding different etiologies of dementia. Further investigations

re therefore warranted to confirm our findings. 

Compared to individuals with diabetes and HbA1c ≥ 7 %, we found

re-diabetes participants respectively had a 47 % lower hazard of de-

elopment from AF to comorbidity of dementia, approximating risk re-

uctions associated with normal and low-normal HbA1c. Considering

he well-established evidence of cardiovascular benefits of preventing

r delaying new-onset diabetes among pre-diabetes individuals [ 34 ],

ur findings provide novel clues indicating the significance in achieving

ubstantial risk reductions in disease trajectories of AF and dementia. 

Compared with previous studies, our study adds important new ev-

dence for benefits of reaching optimal glycemic status in preventing

he onset and improving prognosis of AF and dementia, by accounting

or trajectories of the two diseases. Notably, the associations between

lycemic status and development from AF to comorbidity of dementia

ersisted after excluding individuals with prevalent cardiovascular dis-

ases. Collectively, these findings highlight the importance of maintain-

ng optimal glycemic status, for people managed in the current practice

o prevent serious comorbidities. 

Our study possesses several strengths. First, due to the large sample-

ize and long-term follow-up, we were able to comprehensively evaluate

he dynamic disease trajectories of AF and dementia, as well as assess the

ole of glycemic status in observed trajectories. Second, we additionally

ccounted for disease trajectories of AF and major dementia subtypes,

xtending the significance of our findings. Finally, several sensitivity

nalyses were conducted, supporting the robustness of major findings. 

. Limitations 

This study also has limitations. First, the dementia ascertainment

rocedure might underestimate the true number of dementia cases. De-

pite that the outcome algorithm has been previously validated, the

ack of primary records poses challenges for timely and accurate ascer-

ainment of dementia cases. Moreover, although we have incorporated

eath certificates and surgical operation records for identifying incident

F cases, it was possible that some AF patients were not diagnosed until

eath, indicating the challenge of underdiagnosed AF. Second, lack of

epeated HbA1c measurements prevented us from capturing the longi-

udinal glycemic status pattern and evaluating the value in disease tra-

ectories prevention. Third, most of the UK Biobank participants were of
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hite ethnicity, hence restricting the generalization of our findings to

ther ethnicities. Finally, the failure of precluding residual confounding

revents us from making formal conclusions regarding the causality of

bserved associations. 

. Conclusions 

In conclusion, we found that better glycemic status was consistently

ssociated with decreased hazards of disease trajectories of AF and de-

entia, including the lower hazard of progression from incident AF to

omorbidity of AF and dementia. These findings underscore the signifi-

ance of reaching optimal glycemic status to alleviate the huge disease

urden of both AF and dementia simultaneously. Further investigations

apable of making causal inference are warranted to confirm our find-

ngs. 
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